
Int J Clin Exp Pathol 2025;18(9):503-508
www.ijcep.com /ISSN:1936-2625/IJCEP0163929

https://doi.org/10.62347/OLMG7236

Case Report
Recurrent plasma cell myeloma with  
intracytoplasmic Auer rod-like inclusions after  
autologous hematopoietic stem cell transplantation

Chenchen Niu1, Elizabeth Brem2, Ying Zhang1, Dong Ren1, Truc Tran1, Ashley Gamayo1, Xiaohui Zhao1, Sherif 
A Rezk1

1Department of Pathology and Laboratory Medicine, University of California, Irvine (UCI) Medical Center, Orange, 
CA, USA; 2Division of Hematology/Oncology, Department of Medicine, University of California, Irvine (UCI) Medical 
Center, Orange, CA, USA

Received February 14, 2025; Accepted April 27, 2025; Epub September 15, 2025; Published September 30, 
2025

Abstract: Plasma cell myeloma (PCM) is a bone marrow based neoplastic disorder of plasma cells. The presence 
of intracytoplasmic Auer rod-like inclusions (ARLIs) in PCM is exceedingly rare. To the best of our knowledge, ap-
proximately 40 cases have been published since its first description in 1940. These inclusions are predominantly 
observed in kappa-restricted, IgG-producing PCM. Only 7 cases of kappa-restricted, IgA-producing PCM with in-
tracytoplasmic ARLIs have been documented in the literature. Here, we reported a rare case of recurrent kappa-
restricted, IgA-positive PCM exhibiting intracytoplasmic ARLIs both before and after autologous hematopoietic stem 
cell transplantation (HSCT). The clinical features, laboratory studies, diagnosis, and management of this case were 
described. A comprehensive review of the literature was also provided to explore the origin and pathogenesis of 
these inclusions, and to examine their prognostic implications.
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Introduction

Plasma cell myeloma (PCM) is a bone marrow-
based neoplastic disorder of plasma cells, with 
a clinical course ranging from asymptomatic  
to aggressive. Various morphologic changes in 
the neoplastic plasma cells have been report-
ed, including alteration in cytoplasmic volume 
and color, the presence of cytoplasmic inclu-
sions, and the nuclear-cytoplasmic asynchrony 
[1].

Intracytoplasmic Auer rod-like inclusions (ARLIs) 
were first described in plasma cells in 1940 by 
Steinmann et al., who demonstrated that these 
inclusions did not represent immunoglobulin 
deposits [2]. Since then, approximately 40  
case reports have documented intracytoplas-
mic ARLIs in PCM, suggesting a lysosomal ori-
gin [2, 3]. Most cases feature kappa-restricted 
IgG-producing PCM [2], with only 7 reported 
cases of kappa-restricted, IgA-producing PCM 
[2, 4-7].

Autologous hematopoietic stem cell transplan-
tation (HSCT) remains the standard of care for 
young patients (usually limited to 65 years old) 
with newly diagnosed PCM [8]. However, inevi-
table relapses remain, threatening long-term 
remission [8]. Here, we present the first docu-
mented case of recurrent kappa-restricted  
IgA PCM exhibiting the same intracytoplasmic 
ARLIs both before and after autologous HSCT.

Case presentation

A 69-year-old male patient had recurrent PCM. 
His initial hematology evaluation in early 2016 
showed a serum IgA level of 2400 mg/dL, IgG 
of 700 mg/dL, and IgM of 38 mg/dL. Serum 
protein electrophoresis (SPEP) revealed an 
M-spike of 1.68 g/dL, and serum immunofixa-
tion conformed an IgA kappa monoclonal pro-
tein. Bone marrow biopsy showed marked hy- 
percellularity (90%), with CD138-positive plas-
ma cells comprising approximately 30-40% of 
the marrow cellular element (Figure 1A, 1B). 
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Most neoplastic plasma cells exhibited ana-
plastic features, including prominent nucleoli 
and occasionally bilobated nuclei (Figure 2A, 
2B). Some cells contained multiple intracyto-
plasmic ARLIs resembling classic Auer rods 
(Figure 2C). Flow cytometry identified 2% kap-
pa-restricted plasma cells expressing CD38, 
CD138, and CD56. Magnetic resonance imag-
ing (MRI) of the pelvis showed diffusely abnor-
mal marrow signal involving the pelvic and  
proximal femora, suggestive of an infiltrative 
process, but no discrete lytic lesions. These 
findings led to a diagnosis of IgA kappa-restrict-
ed smoldering PCM.

In the spring of 2017, a second bone marrow 
biopsy showed 30% clonal plasma cells and 
cytogenetic analysis revealed trisomy of chro-
mosomes 6, 7, 9, and 15 along with monosomy 
13. A 24-hour urine collection contained 1566 
mg of protein, with an M-spike of 1227 mg. By 
the end of 2017, a positron emission tomogra-
phy (PET) scan demonstrated diffuse bone 
marrow involvement without specific focal lytic 
lesions. Although the patient exhibited no acute 
kidney injury or worsening anemia through early 
2018, his monoclonal paraprotein levels con-
tinued to rise. Consequently, he began therapy 
with lenalidomide and dexamethasone, fol-
lowed by an autologous HSCT in the summer of 
2018. A subsequent bone marrow biopsy in the 
fall of 2018 showed no residual PCM, and the 
patient thereafter continued on maintenance 
lenalidomide.

The patient remained in remission through 
early 2023, when his kappa free light chain lev-
els began to rise (188.07 mg/L), while lambda 
free light chain levels remained normal (21.12 
mg/L). Serum immunofixation demonstrated a 
faint band of IgA kappa monoclonal protein. 

nostic biopsy (Figure 4A, 4B). Flow cytometry 
confirmed a similar immunophenotype. Follow- 
ing this confirmed relapse, the patient under-
went radiation therapy and received Zometa 
infusion.

Genetic testing of the recurrent PCM bone mar-
row specimen showed a normal male karyo-
type. Fluorescence in situ hybridization (FISH) 
analysis of CD138 positive enriched plasma 
cells identified trisomy 5 in 12% of cells 
(12/100), a gain of one copy of 6p21.1  
(CCND3 locus) in 9% of cells (9/100) without 
CCND3::IGH fusions, monosomy 13 (loss one 
copy of D13S319 and LAMP loci) in 14% of 
cells (14/100), and a partial 5’IGH gene dele-
tion without IGH gene rearrangement at 14q32 
in 12% of cells (12/100) (Figure 5A-D). No  
additional abnormalities were detected in 100 
nuclei/probe examined. Moreover, a Pan-heme 
next generation sequencing (NGS) panel did 
not reveal any pathogenic or likely pathogenic 
variants, nor variants of undetermined signi- 
ficance.

Discussion

Morphologic variations of neoplastic plasma 
cells in PCM can generally be grouped into 
three categories [1]: (1) plasma cells with 
reduced cytoplasm (lymphoplasmacytoid mye- 
loma), (2) nuclear-cytoplasmic asynchrony (im- 
mature myeloma), and (3) cytoplasmic anoma-
lies, including changes in color (flame cells), 
round inclusions (Mott cells, Russell bodies), 
Auer rod-like inclusions (ARLIs), and crystalline 
inclusions. Although true Auer rods are most 
often observed in acute promyelocytic leuke-
mia (APL) [9], ARLIs have been reported in non-
myeloid hematologic neoplasms, such as plas-
ma cell neoplasms [2], less frequently, in non-
Hodgkin lymphomas [10], early T-cell precursor 

Figure 1. Bone marrow biopsy from 2016. A. H&E-stained section shows 
sheets and clusters of plasma cells (20×). B. CD138 immunohistochemical 
staining highlights these plasma cells.

Four months later, a bone 
marrow biopsy revealed 10- 
20% Kappa-restricted, IgA-
positive plasma cells, consis-
tent with recurrent PCM 
(Figure 3A-F). Most neoplas-
tic plasma cells appeared rel-
atively normal in morphology, 
yet a higher proportion con-
tained multiple intracytoplas-
mic ARLIs compared to the 
more anaplastic features 
noted in the initial 2016 diag-
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acute leukemia (ETP-ALL) [11], the now-defunct 
B-cell prolymphocytic leukemia (PLL) [12], and 
even non-hematologic malignancies, including 
medullary carcinoma of thyroid [13].

might be positive for α-Naphthyl acetate es- 
terase (ANAE), acid phosphatase, β-Glucuroni- 
dase, hematoxylin-phloxine saffron, and weakly 
positive with hematoxylin-eosin, while negative 

Figure 2. Bone marrow aspirate smears from 2016. A, B. Anaplastic plasma cells with prominent nucleoli (black 
arrow) and bilobated nuclei (white arrow) shown at 40× and 60× magnification, respectively. C. Anaplastic plasma 
cells containing bundles of intracytoplasmic Auer rod-like inclusions (ARLIs) (100×).

Figure 3. Bone marrow clot section from the 2023 recurrence. A. H&E-stained section (20×) showing clusters of 
plasma cells. B, C. Immunohistochemical staining with CD138 and MUM1 highlighting the plasma cells. D-F. Dem-
onstration of kappa-restricted, IgA-positive plasma cells.

Figure 4. Bone marrow aspirate smears from the 2023 recurrence, show-
ing mature plasma cells with bundles of intracytoplasmic Auer rod-like inclu-
sions (ARLIs) (A. 60×, B. 100×).

Metzgeroth et al. demonstrat-
ed α-N-esterase expression 
within the intracytoplasmic 
ARLIs in PCM, suggesting a 
lysosomal origin [3]. By trans-
mission electron microscopy 
(EM), they proposed that in- 
tracytoplasmic ARLIs formed 
through the fusion of primary 
granules and had a close  
relationship to myeloid Auer 
rods [3]. Based on cases pub-
lished up to 2009, Hutter et 
al. summarized that ARLIs 
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for amyloid A, peroxidase, Sudan black B, chlo-
roacetate esterase, PAS, butyrate esterase, 
Congo red, thioflavin T, Luxol fast blue, methyl 
green, oil red O, and alkaline phosphate [2]. 
However, one case of ARLIs staining positive  
for peroxidase (POX) has been reported [14]. In 
addition, a PCM case featuring atypical plasma 
cells co-expressing myeloid markers (CD13, 
CD33) and containing bundles of ARLIs has 
also been described [15].

Among all the published cases [2, 4-7, 14-28] 
and our case, there are 16 female patients 
whose age at onset ranged from 38 to 73 years 
(mean 57.7 years), and 26 male patients rang-
ing from 34 to 79 years (mean 58.4 years). The 
average age at onset for PCM with intracyto-
plasmic ARLIs appears to be similar for both 
sexes, but possibly lower than the overall aver-
age age of 70 years commonly reported for 
PCM diagnoses (Table 1) [29].

In our case, the neoplastic plasma cells exhib-
ited anaplastic features in the initial diagnosis 
but appeared relatively mature at recurrence 
following autologous HSCT. The intracytoplas-
mic ARLIs were present in both cases and 
seemed to increase in number upon recur-
rence. Several prognostic factors in this 
patient’s 2016 smoldering PCM suggested a 
high risk of recurrence and rapid progression - 
particularly the IgA subtype of M protein and 
diffused bone marrow abnormalities on MRI 
[30]. Notably, Kyle et al. observed a significant-
ly shorter time to progression in patients with 
IgA smoldering PCM compared to those with 
IgG [31]. Regarding the FISH findings in CD138 
positive enriched plasma cells, trisomy 5 is 
consistent with an underlying hyperdiploid 
karyotype, which is generally linked to stan- 
dard risk PCM. Deletion of 13q is associated 
with an intermediate risk, whereas the prog-

Figure 5. FISH studies of CD138-positive enriched plasma cells showing different abnormalities. A. Trisomy 5 
(Red: EGR1/5q31, Green: RPS14/5q33, Aqua: D5S1518/5p15). B. Gain of one copy of 6p21.1 (CCND3 locus) 
(Red: CCND3/6p21, Green: IGH/14q32). C. Monosomy 13 (loss one copy of D13S319 and LAMP loci) (Red: 
D13S319/13q14.2, Green: LAMP 13q34). D. Partial 5’IGH gene deletion at 14q32 (Red: 3’IGH, Green: 5’IGH).

Table 1. Summary of the clinicopathologic 
features from all reported cases and our 
case of plasma cell myeloma (PCM) exhibit-
ing intracytoplasmic Auer rod-like inclusions 
(ARLIs)
Paraprotein All cases Male Female
IgG-κ 19 14 5
IgG-λ 1 1 0
IgA-κ 8 5 3
IgM-κ 1 1 0
IgG/M-κ 1 1 0
κ-LC 6 2 4
Bence-Jones 3 1 2
Not reported 3 1 2
Total 42 26 16
Age of onset (range) 34-79 34-79 38-73
Age of onset (mean) 58.1 58.4 57.7
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nostic significance of 5’IGH gene deletion 
remains unclear.

Crystalline inclusions in plasma cells have been 
reported in association with adult Fanconi syn-
drome (FS) [1] and crystal-storing histiocytosis 
[32], both of which often occur in monoclonal 
gammopathies involving kappa light chains. 
However, in our patient, renal function remain- 
ed normal at both initial diagnosis and during 
recurrence. Clinicians should nevertheless be 
vigilant for monoclonal gammopathy of renal 
significance if crystalline inclusions are identi-
fied in plasma cells, and renal function should 
be evaluated accordingly [1].

Autologous HSCT is the standard of care for 
newly diagnosed PCM in younger patients and, 
in select cases, fit older adults [8]. However, 
the procedure remains limited by the risk of 
relapses, posing a challenge for sustained 
remission. In 2016, our patient was 62 years 
old with no severe comorbidities and thus a 
suitable candidate for autologous HSCT, which 
he received in 2018. Despite this intervention, 
his PCM recured in early 2023.

Conclusion

To the best of our knowledge, this is the first 
reported case of recurrent kappa-restricted IgA 
PCM exhibiting intracytoplasmic ARLIs both 
before and after autologous HSCT. Initially, the 
neoplastic plasma cells displayed anaplastic 
features, whereas they appeared more mature 
upon recurrence. Although previous reports 
have noted an association between adult 
Fanconi syndrome and ARLIs in PCM, our 
patient did not show any evidence of renal dys-
function. Nevertheless, the presence of crys- 
talline inclusions in plasma cells of patients 
with monoclonal gammopathy may indicate 
potential renal involvement. The prognostic  
significance of intracytoplasmic ARLIs in PCM 
remains uncertain. Given the rarity of these 
findings, multi-institutional collaboration is war-
ranted to identify additional cases and perform 
retrospective cohort analyses that may clarify 
the correlations between ARLIs, clinicopatho-
logic features, and patient outcome in PCM. 
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